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O (57) Abstract: The invention relates to an objective designed as a raicrolithography projection objective for an operating wavelength. 
O The objective has a greatest adjustable image-side numerical apernare NA, at least one first lens made &om a solid transparent body. 

particular glass or crystal, with a refractive index and at least one liquid lens (F) made from a transparent liquid, with a re- 
Q fractive index NF. At the operating wavelength the first lens has the greatest refractive index ni. of all solid lenses of the objective. 

the refractive index np of the at least one liquid lens (F) is bigger than the refractive index nL of the first lens and the value of die 
^ numerical aperture NA is bigger than I. 
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WITH AT LEAST ONE LIQUID LENS 
BACKGROUND OF THE INVENTION 



Field of the invention 

The coinplete disclosure of US Application Ser. No. 
10/734,623 filed on December 15, 2003, International 
Application No. .PG:ir/EP2004/005816 filed on M&y 28 2004, 
US Application Ser. No. 60/530,623 filed on December 
19, 2003, US Application Ser. No. 60/530,978 filed on 
December 22, 2003, European Application No. 03256499.9 
filed on October 15, .2003, US Application Ser. No. 
60/544,967 filed on February 13, 2004, US Application 
Ser. No. 60/592,208 filed on July 29, 2004, US 
Application Ser. No. 60/568,006 filed on May 4, 2004, 
US Application Ser. No. 50/591,775 filed on July 27, 
2004 and US Application Ser. No. 60/612,823 filed on 
September 24, 2004 is hereby incorporated. 

The invention relates to an objective designed as a 
microlithography projection objective. The objective 
according to the invention ccmgprises at least one 
liquid lens made from a transparent liquid. 



Description of the Related Art 



Microlithography projection objectives of multivarious 
design are known. 



CONFIRiMATION COPY 
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In all imaging systems, the smallest resolvable 
structural width is proportional to the laximerical 
aperture NA at the image plane. 

5 This, in turn, is proportional to the aiigle of 
incidence and the refractive index ni of the medium 
through which the light falls onto the image plane. 

By contrast with so-called dry objectives with gas 
10 (air, N2, He and the like) or a vacuum with a refractive 
index of approximately 1.0, a material, in particular a 
liquid, with a substantially higher refractive index is 
used as this medium in immersion systems. 

15 For example, as far as is known for the wavelength 193 
nm water has a refractive index nH2o = 1.44. 

High- index lenses with a refractive index mucin higher 
than 1.6 have been used in microlithography at 

20 wavelengths of greater than 365 nm, but thev become 
incapable of use at the wavelengths of i>ractical 
relevance such as 248 nm, 195 nm, 157 nm, since they 
are not sufficiently transparent, and so on. Lenses 
made from sapphire have a high refractive index but are 

25 biref ringent , and this must be compensatec3 in a 
coit5>licated way and with limited success'. 

SUMMARY OP THE INVENTION 

30 The inventors have recognized that, furthermore, the 
possible image- side niimerical aperture NA is limited by 
the refractive index of the curved optical element next 
to the image plane. 
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Such an element can be provided as a liquid lens that 
can also serve simultaneously as immersion liquid, 
specifically with or without a plane-parallel 
separation plate. However, if the refractive index np 
thereof lags behind the refractive index Hl of the solid 
lenses used in the objective, the achievable NA remains 
still smaller, NA < lip. 

The difference is significant in the case of a 193 nm 
objective with lenses made from fused silica with ni, = 
1.56 and with water as an immersion and a liquid lens 
with np = 1.44. 



15 According to the invention, use is made in the 
objective of at least one liquid lens whose refractive 
index n? is greater than the refractive index n^ of each 
solid lens in the objective. The first lens in the 
meaning of Claim 1 is the lens, arranged at any desired 
location in the objective, made from the highest-index 
solid lens material which is used in the objective. As 
also in the embodiments shown, all the lenses - except 
for the liquid lens or lenses - consist in many cases 
of the same solid material. 



20 



25 



30 



With respect to lenses made from fused silica or 
calcium fluoride, which are established for 
microlithography projection objectives with the 
operating wavelengths of 248 nm, 193 nm, 157 nm, 
liquids with, for example, np = 1.6, np = 1.65 or np = 
1.8 are suitable. 
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There is a corresponding result for other lens 
materials known for the deep UV (DUV) and vacuum UV, 
such as fluoride crystals BaF2, SrF2, LiF, NaF and 
others . 



10 



Although there are many developments of immersion 
liquids for applications in microlithography, it is 
clear at least in principle that H2SO4 (sulfuric acid), 
H3PO4 (phosphoric acid) and their solutions in H2O 
(water) yield adjustable refractive indices of 1.5 - 
1.8 at 193 nm in conjunction with suitable 
transitiission. In addition, the corrosive action of 
these substances is siibstantially reduced with the aid 
of substitution of heavy isotopes, in particular 
15 deuterium. This is described inter alia in US 
Application Ser. No. 60/568,006. 

Corrosion protection layers can be provided on the 
solid optical elements. This is disclosed inter alia in 
20 US Application Ser. No. 60/530,623. 

Accordingly, an objective having the features of Claim 
1 has surprisingly been found to be particularly 
advantageous. A microlithography projection objective 
25 with an image-side numerical aperture NA greater than 
1, which is not accessible for a dry objective, is 
substantially relieved and extended as regards the 
possibilities for its optical design and correction 
when use is made of a liquid lens with a refractive 
index greater than the refractive index of the solid 
lenses. In the case of lenses made from different 
materials, the largest refractive index of all these 
lenses is exceeded. A plane-parallel plate, in 



30 



wo 2005/059654 PCT/EP2004/014219 

- 5 - 

particular an end plate made from sapphire, for 

example, may have a higher refractive index, in this 



20 



5 Objectives are usually corrected for specific operating 
wavelengths and can be operated reasonably only at 
these wavelengths. The refractive indices of all 
materials vary with wavelength, and it is always the 
values for the operating wavelength which are used as a 
10 basis here. Other wavelengths can traverse the 
objective, for exainple for the purposes of measiirement . 

It has surprisingly been found that on the basis of the 
invention it is possible to design objectives with an 
15 NA greater than the refractive index m. of every solid 
lens. This is also reflected in Claim 2. 

The liquid lens can be an immersion at the same time, 
that is to say it can be in contact to the object to be 
exposed. Alternatively, it is possible for an opticjal 
element made from a solid transparent body, in 
particular an end plate, to be arranged there between. 

The liquids of the liquid lens and of the immersion at 
25 the object can then be adapted to various conditions 
such as: 

in the case of the immersion: 

m 

■ - rapid movement for step-and-scan 

- contact with materials of the wafer such as 

30 



- contact with air 

- cleaning requirements for wafer processing 
after exposure. 
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15 



20 



in the case of the liquid lens: 

- contact with material of the adjacent solid 



5 and be selected, accordingly. 

Since the refractive indices n^ of the liquid lens and 
ni of the immersion are lower bounds for the achievable 
NA, it is natural to prefer that np = m. 



25 



30 



The effect of increasing the accessible NA caused by 
the liquid lens with high refractive index np becomes 
greatest when said lens is the last curved element on 
the image side. 

« 

Substantially hemispherical last lenses have proved in 
this case to be advantageous, since then the angle of 
incidence of the light varies relatively slightly over 
the lens surface and remains close to the normal to the 
curved surface. The critical angle of total reflection 
is thus effectively avoided. 

Intermediate images in the objective are a measure by 
which the lens diameters can be kept small. The 
availability and the price of lens material and of 
finish-machined lenses in a quality suitable for 
microlithography projection objectives are very 
substantially relieved at lower diameters. 

It is therefore to be pointed out that, otherwise than 
in the US classification 359/642 defined for LENS, here 
it is precisely also optical systems with an 
intermediate image, even several thereof, that are 
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designated as an objective. Designs of objectives 
suitable for the invention are inter alia disclosed in 
US Application Ser. No. 60/544,967, US Application Ser. 
No. 60/592,208 and US Application Ser. No. 60/591,775. 

The field flattening is a central problem with such an 
objective, being equivalent to a minimization of the 
Petzval sum. 



Primarily for this purpose, but also for color 
correction (achromatization) , a design as a 
catadioptric system comprising at least one curved 
mirror in addition to the lenses is advantageous. A 
combination of a negative lens and a concave mirror is 
15 particularly effective for color correction. Fxirther 
possibilities for color correction are disclosed in US 
Application Ser. No. 60/530,978. Catadioptric systems 
frequently have folding mirrors, thereby permitting the 
light beams rxonning to a mirror to be separated from 
those returning therefrom. Such systems are also 
described and covered here. 

However, all surfaces of the optical system are 
effective for correction when all mirrors are curved. 
This is possible, in particular, with an even number, 
especially 2, of curved mirrors. It is also possible in 
this case for the entire objective to be constructed 
along a common axis of symmetry in relation to which 
all the mirror and lens surfaces exhibit a rotationally 
symmetrical shape where light passes through. However, 
there is asymmetric edging in the region of the mirrors 
and, if appropriate, adjacent lenses. Adjustment and 
vibration resistance as well as installation space 
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requirements of the objective profit from the common 
axis of symmetry. 

It is favorable in this case if the objective conprises 
5 an image-side objective part arranged at the image-side 
end of the objective and an intermediate objective part 
preceding the image-side objective part with respect of 
the direction of the light moving from the object-side 
end to the image-side end of the objective. If not 
defined otherwise, this direction is the reference 
whenever a position of a component of the objective is 
defined. The intermediate objective part is containing 
mirrors and may be designed catoptrically as, for 
exanple, in fig. 1 - fig. 3, or catadioptrically as in 
15 the other embodiments. The image- side objective part, 
which is pxirely refractive, is providing the extreme 
apertiire and caii5)rises the liquid lens. 
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30 



It did surprisingly turn out that this image side 
objective part advantageously has its pupil in the 
region of the beam path which is convergent in relation 
to the image plane, or, as described in Claim 11, that 
said pupil is located between the lens of the greatest 
diameter used and the image plane. 

In this region, the strong positive refractive power 
which is required in order to produce the large angles 
of incidence at the image plane in accordance with the 
high NA is expediently distributed over a plurality of 
positive meniscus lenses which are concave on the image 
side. Both chromatic aberrations and contributions to 
the Petzval sum are thereby reduced. 
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The inventors have established that the solid lens 
preceding the liquid lens according to the invention 
and defining the object-side surface of the liquid lens 
should be a meniscus lens whose center thickness 
5 (THICKNESS in accordance with the tables) is smaller 
than the difference of the radii of c\irvature (RADIUS) 
of the two lens surfaces. Such a meniscus lens having 
negative refractive power in the paraxial region makes 
a transition in part to an action of positive 
10 refractive power in the outer region where beanus strike 
more steeply, that is from further outside, than the 
normal to the surface. 

It is advantageous when the objective comprises an 
15 object-side objective . part being arranged at the 
object-side end of the objective and producing an 
intermediate image on the object side of the 
intermediate objective part. 

20 This permits, inter alia, greater freedom in 
configuring the passage of the light bundles next to 
the mirrors, and yields an additional diaphragm 
location which can well be situated in an air space and 
is therefore well suited as a stop-down aperture 

25 diaphragm. 

It is to be seen in the embodiments that it is 
advantageous to provide lenses of low refractive power 
with a strongly modulated aspheric shape preceding this 
30 diaphragm plane and to provide a strongly curved 
meniscus lens subsequent to this diaphragm plane, the 
meniscus lens being concave on the diaphragm side. 
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It is Clear that such high-aperture projection 
objectives for microlithography of very high resolution 
require intensive use of aspherics, since essential 
parameters for image correction are thereby provided. 

.5 . , 

Deliberate use is also made in the exenplary 
embodiments of very strong aspherics and those whose 
deviation from the spherical shape does not exhibit a 
monotonic profile over the distance from the optical 
10 cucis. 

As already mentioned, such aspherics are particularly 
advantageous in the .object- side objective part. 

15 It emerges in addition that in the image-side objective 
part some positive lenses yield particularly suitable 
arrangements of strong aspherics. These positive lenses 
are situated in the region of the steeply rising light 
bundle diameter between the negative lenses arranged 

20 near the intermediate image and the belly of the light 
bundle at the lens with the maximum of the diameter of 
the light bundle passing through. 

The embodiments presented are partly of an experimental 
25 nature. However, to the person skilled in the art who 
compares these with similar design solutions known to 
him and derives modifications therefrom they yield 
clear-cut teachings from which he is able to modify 
designs of objectives. 

30 

The various designs of the individual embodiments make 
this clear, and can, of course, also be combined with 
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one another and with other known designs in the meaning 
of the invention. 

The exeinplary embodiments are explained in more detail 
5 with the aid of the drawings, in which 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fig. 1 to 6 respectively show a meridian section of an 
10 embodiment of an objective according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODYMENTS 

In Fig. 1 to 6 marginal and principal rays are depicted 
15 for the object points nearest and furthest from the 
axis- Aspheric surfaces are marked twice with 3 lines 
at the contour. 

The optical axis or the axis of symmetry of the 
20 curvatures of the surfaces is marked by dots and 
dashes . 

In each case OB denotes the object plane. This 
corresponds to the sxirface (SURF) 0 in the tables. IM 
25 denotes the image plane and corresponds in each case to 
the surface of the highest number in the tables. 

F respectively denotes the liquid lens according to the 
invention. 

30 

EP denotes an optional end plate. 

IMIl and IMI2 are the intermediate images. 
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AP denotes the position of the system aperture at which 
an adjustable diaphragm can be arranged and will also 
be referred to as diaphragm plane. 

5 

P denotes the pupil in an image-side objective part. 

All embodiments shown are designed for the operating 
wavelength 193.4 nm (ArP Excimer Laser) and reduce by 
10 1:4 - without limiting the invention thereto. 

Tables la to 6a respectively give the design data for 
the drawing of the same nxiniber. Tables lb to 6b 
respectively specify the aspheric data of the aspheric 
15 lens and mirror surfaces, which are identified in the 
drawings by three primes. The illustration is made 
using the Optik-Design-Sof tware CODE V™ from Optical 
Research Associates and corresponds to their 
conventions . 

20 

In each embodiment shown in fig. 1 to 6 the objective 
conqorise an object-side objective part, an image-side 
objective part and an intermediate, objective part. The 
object-side objective part is situated at the object- 
25 side . end of the objective. The image-side objective 
part is situated at the image-side end of the 
objective. The intermediate objective part is situated 
between the object-side objective part and the image- 
side objective part. In the embodiments the object- side 
30 objective part and the image side objective part are 
purely reflective. The intermediate objective part is 
catoptric or catadioptric . 
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In the embocaiments of fig. l to fig, 3 the value of the 
numerical aperttire NA = 1.4. The liquid of the lens P 
and the immersion have the same refractive index np = m 
= 1.65. The material of the solid lenses is fused 
5 silica with an index of refraction ni, = 1.56. 

The distance from the object plane OB to the image IM 
is 1250 mm and thereby a common value. 



10 



The image field is 26 mm x 5.5 mm, decentered by 4.66 
mm. However, the correction state yields an BMS wave 
front error of this image field of. approximately 10-20 
per mil of the operating wavelength. 

15 The lenses of the object-side objective part and the 
image side objective part are rotationally symmetrical 
in relation to a common axis of symmetry, with the two 
mirrors of the catoptric version of the intermediate 
objective part certainly being curved in an axially 

20 symmetrical fashion, but being edged asymmetrically. 

■ 

The design of the objective will now be described in 
more detail with respect to the embodiment of fig. l. 
Most of the features are also present at the 
25 embodiments of fig. 2 to 6, but will only be explained 
in some detail with respect to fig. i. 

The object-side objective part conprises an accessible 
diaphragm plane AP with the stop-down system diaphragm. 
30 Preceding the diaphragm plane AP there is ' a 
particularly strongly modulated aspheric (surface 7 of 
table la/b) . Subsequent to the diaphragm plane AP there 
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is a meniscus lens which is concave on the side of the 
diaphragm plane AP (surfaces 15 , 16 in table la) . 

The intermediate objective part is designed 
5 catoptrically and comprises two concave mirrors 
(surfaces 23, 24 in table la) . 

The image-side objective part subsequent to the second 
intermediate image IMI2 - the intermediate images are 
10 not corrected and do not form an image plane - begins 
with a positive lens group of single-lens design, forms 
a waist with a number of negative lenses, and has a 
positive lens group with many members which forms a 
massive belly. 

15 . 

Strongly modulated aspherics (inter alia, surface 36 in 
table la/b) are significant in the initial region of 
the positive lens group where the diameter of the light 
bimdle and of the lenses are increasing- The middle of 
20 the belly is formed by the lens of greatest diameter 
(surface 41/42 in table la/b, height (SEMIDIAM, half 
lens diameter) 160 mm) . The production of lithographic 
projection objectives is very economical with this lens 
diameter. The pupil P of the image-side objective part 
25 is, in a fashion typical of the objectives according to 
the invention, following this largest lens in the 
convergent beam path. 

In the embodiment of fig. 1, the liquid lens F is 
30 formed between the surface 50 and the image plane IM 
(surface 52) and is at the same time the immersion. It 
is virtually hemispherical given the radius 34.6 ram and 
the thickness 30 . 1 + 3 . 0 = 33 . 1 mm. The ratio of radius 
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to thickness is 1.05. The adjacent last fused silica 
lens is in this case a meniscus lens whose thickness of 
.10 mm is substantially smaller than the difference of 
the radii 66 nsa - 34 mm (sxirfaces 49/50) . 



5 



10 



15 



20 



25 



In the enODodiment of fig. 2, once again the liquid lens 
P is at the same time likewise immersion. However, it 
is substantially flatter than the liquid lens F of fig. 
1. Only in combination with the last fused silica lens, 
the liquid lens P forms an approximately hemispherical 
member. 



30 



Using a rather flat liquid lens F makes the exchange of 
the liquid simpler. 

It has been established that a plane-parallel plate 
which separates the liquid lens P and the immersion is 
not critical for the optical function. This holds in 
particular when the refractive index of the plan- 
parallel plate is greater than the refractive indices n^ 
of the liquid lens F and ni of the iiranersion. 

Starting from the embodiment of fig. 1, fig. 3 shows an 
embodiment with such an end plate EP of refractive 
index n^p = 1.80. By adapting the thickness, it can 
easily be exchanged for a plate made from sapphire with 
Hep = 1.92. 

In the embodiment of fig. 4 (table 4a/b) a catadioptric 
design is used for the intermediate objective part. 
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Given the same NA, rip, nt as the preceding embodiments, 
the image field is somewhat deviant with 22 x 5.2 mm 
and greater decentering of 5.753 mm. 

5 In this embodiment two planar folding mirrors FMl 
(surface 21) and FM2 (surface 31) are used as geometric 
beam splitters. Provided in a lateral arrangement are a 
concave mirror - surface 26 in table 4a/b - and lenses 
of negative refractive power through which the light 
10 passes twice. The sxirfaces 22-25 of these lenses are 
■ thus present once more specularly as 27 to 30 in table 
4a/b, since they refract the light twice. 

The high-index liquid lens F is also advantageously 
15 used with this quite different approach to the design 
of the microlithographic projection objective. In a way 
similar to fig. 1, it is designed here as "immersion " 
lens", touching the object, between the surfaces 63 and 
65. 

20 

The two embodiments of fig, 5 and fig. 6 for the first 
time exhibit objectives with the numerical aperture NA 
= 1.6 being greater than the refractive index nj, of the 
solid lenses used. The solid lenses are made from fused 

25 silica with nt. = 1.56. The refractive index of the 
liquid lens F is np = 1.80. Also these eitODodiments are 
corrected much better than in a diffraction-limited 
fashion, their image field being 20mmx4mmata 
decentering of 4.375 mm. The RMS wavefront error is 

30 below a tenth of the operating wavelength 193.4 mm. 

Here, as well, the object-side objective part is purely 
refractive. It includes the accessible and stop-down 
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diaphragm plane AP and strong aspherics preceding the 
diaphragm plane AP. Here these aspherics are two lenses 
of lesser refractive power but stronger modulation of 
the aspheric shape deviation, stirfaces 5 and 8 in table 
5 5a/b. Arranged subsequent to these aspherics is a 
likewise strongly curved meniscus lens, surfaces 10, 11 
in table 5a/ 6. 

The intermediate objective part is once again a prolate 
10 catadioptric objective with two concave mirrors, 
similar to fig. 1-3, but now with a positive field lens 
(surfaces 20, 21 in table 5a) preceding the second 
intermediate image IMI2. 

15 The positive field lens replaces the positive first 
lens group present in fig. 1-3 in the image-side 
objective part. 



20 



The image-side objective part thus begins with a 
negative lens group and forms a belly with a multilens 
positive lens group, in the embodiment of fig. 5 the 
greatest lens diameter is reached with 165 mm at the 
lenses 30/31 and 32/33 as can be seen in table 5a. A 
plurality of positive meniscus lenses which are concave 
25 in relation to the image plane IM is arranged 
subsequent to these lenses. The pupil p of the image- 
side objective part lies in the region of these 
meniscus lenses. The last fused silica lens (surfaces 
40, 41 of table 5a) on the image side, is once again of 
negative refractive power in the paraxial region. This 
lens is formed as a meniscus lens with a concave 
s\arface on the image side whose thickness is 8.9 mm and 



30 
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thus smaller than the difference of the radii 58.8 mm - 
37.8 mm ~ 21 mm. 

In the embodiment of fig. 5, the liquid lens P is 
5 immersion at the same time, and thus abuts the image 
plane IM and the object, which is arranged there in 
order to exposed. This object can be, for example, a 
wafer. The radius of the spherical surface 41 is 37.8 
ram and thus smaller than the thiclcness of 45.8 mm. 



10 



15 



25 



The sine of the angle of incidence is smaller than 0.89 
at all surfaces. The catadioptric intermediate 
objective part is enlarging. The sines of the angles of 
incidence at the concave mirrors are below 0.45. 



The eiribbdiment of fig. 6 and table 6a/b conprise a 3.0 
mm thick end plate EP made from sapphire. The liquid 
lens F is now formed between the surfaces 42, 43 of 
table 6a. Their thickness is 40.2 mm, the radius is 
20 38.1 mm. The thickness is thus 105% of the radius. 

It has thus been shown that liquid lenses F of high 
refractive index permit the design of high-quality 
projection objectives with extreme numerical apertures. 



Multivarious approaches and instructions are thus given 
to the person skilled in the art in order to use this 
teaching for further developing different kinds of 
known approaches in designing objectives. 



30 
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Table la 



CTTD'D 




U s 


S OB ~ 


1 




2 


173 .279980 


3 


-1081.359892 


4 


284.316798 


5 


-1674.306964 


6 


577.261196 


7 


"314.377359 


8 


290.150309 


9 


-348.828624 


10 


357.767685 


11 


* 

-185.316330 


12 




13 




14 




15 


-65.374870 


16 


-87.154980 


17 


-175.112352 


18 


-111.646867 


19 


-155.839260 


20 


-102.943508 


21 


» 


22 




23 


-166.402525 


24 


173.713446 


25 




26 


oe 


27 


174.736655 


28 


369.899337 


29 


511.775400 


30 


117.498299 


31 


-690.607305 


32 


153.845418 


33 


20331.979093 


34 


347.272006 


35 


502.344250 


36 


-231,373663 


37 


-837.483770 


38 


-254.746002 


39 


-392.185232 


40 


-196.513232 


41 


610.397747 


42 


-556.907407 


43 


296.607308 


44 


-1578.327293 


45 


216.352446 


46 


2322.892305 


47 


101.534703 


48 


255.691515 


49 


66.827516 


50 


34.581844 


51 




52 = 


IM 
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THICKNESS MATERIAL 



35.000000 




0 .100881 




34.026411 


SI02V 


2 .602590 




47.383982 


SI02V 


22 . 855576 




36.645573 


SI02V 


0.999980 




25.000000 


SI02V 


1.000000 




29.107951 


SX02V 


18.309132 




0.000000 




10.000000 


SI02V 


24.909905 




14.999947 


SI02V 


13.643080 


• 


18.964687 


SX02V 


1.049880 




37.603622 


SI02V 


0.099910 




40.000000 




209.622700 




-209.622700 


REFL 


209.622700 


REFZi 


40.000000 




0.100021 




46.035435 


SI02V 


2.484896 




10.000000 


SX02V 


37.368783 




10.000000 


SI02V 


25.455370 




10.000000 


SI02V 


22.437822 




44.143760 


SI02V 


17.400967 




31.483968 


SX02V 


6.600316 




82.775939 


SX02V 


1.000000 




56.287416 


SI02V 


0.999835 




48.957456 


SI02V 


1.000000 




43.826306 


SI02V 


1.000000 




42.624105 


SI02V 


0.999893 




10.000000 


SI02V 


30.092080 


(F) 


3.000000 


(F) 



XNDEX SEMXDXAM. 



1 


.00030168 


66 


.000 


1 


.00030168 


77 


.003 


1 


.56078570 


90 


.000 


1 


.00029966 


90 


.000 


1 


.56078570 


95 


.000 


1 


.00029966 


95 


.000 


1 


.56078570 


76 


.354 


1 


.00029966 


73 


.677 


1 


.56078570 


75 


.000 


1 


.00029966 


75 


.000 


1 


.56078570 


75 


.000 


1 


.00029966 


75 


.000 


1.00029966 


36 


.370 


1 


.56078570 


44 


.778 


1 


.00029966 


47 


.596 


1 


.56078570 


50 


.000 


1 


.00029966 


60 


.000 


1 


.56078570 


65 


.000 


1 


.00029966 


70 


.000 


1 


.56078570 


80 


.000 


1 


.00029966 


80 


.000 


1 


.00029966 


90 


.389 


1 


.00029966 


92 


.498 


1 


.00029966 


150 


.000 


1 


.00029966 


125 


.000 


1, 


.00029966 


99, 


.138 


1. 


.00029966 


105, 


.283 


1, 


.56078570 


110. 


.000 


1. 


.00029966 


105, 


.000 


1. 


.56078570 


95. 


.000 


1. 


.00029966 


80. 


.000 


1, 


.56078570 


80. 


.000 


1. 


,00029966 


80. 


.000 


1, 


,56078570 


90. 


,000 


1, 


,00029966 


90. 


,000 


1. 


56078570 


120, 


,000 


1. 


00029966 


120. 


000 


1. 


56078570 


130.000 


1. 


00029966 


135. 


000 


1. 


56078570 


140. 


000 


1. 


00029966 


155. 


000 


1. 


56078570 


160. 


000 


1. 


00029966 


160. 


000 


1. 


56078570 


150. 


000 


1. 


00029966 


150. 


000 


1. 


56078570 


125. 


000 


1. 


00029966 


125. 


000 


1. 


56078570 


88. 


000 


1. 


00029966 


85. 


000 


1. 


56078570 


52. 


000 


1. 


65000000 


34. 


000 


1. 


65000000 


34. 


000 






34. 


000 
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ASPHERIC 

SRF 2 
K 0 
CI -5,719118e-08 
C2 -6.011473e-13 
C3 -2.663941e-16 
C4 2.205921e-20 
C5 -5 ,9810746-24 
. C6 l,047361e-27 
C7 -1.013527e-31 
C8 4.0761246-36 

SRF 23 
K -0.602272 
CI O.OOODOOe-fOO 
C2 -9.110764e-15 
C3 -6.923032e-2O 
C4 -1.592422e-23 
CS. 8.704660e-28 
C6 -3.848813e-32 
C7 8.257231e-37 
C8 -7.590177e-42 

SRF 39 
K 0 
CI 5.160606e-09 
C2 -2 ,3931836-13 
C3 -7.2045286-17 
C4 -1.5172406-22 
C5 -3.0324796-27 ■ 
C6 1.2273516-29 • 
C7 -8.8674906-34 
C8 2.0672516-38 • 



QNSTANTS 

5 
0 

-1.2183756-07 
9.4545466-12 

-1.6297316-15 
1.0889636-19 
8.3733446-24 

-1.8327646-27 
1.0463736-31 

-1.7083896-36 

24 

-0.240254 
0.0000006+00 
3.7996196-15 
1.0504626-19 
2.4075296-23 

-2.3366056-27 
2.0898636-31 

-8.5405366-36 
1.7257846-40 

43 
0 

-2.7882586-08 
4.0643416-13 
2.7620836-17 
-4.1726186-22 
"3.7544866-27 
-6.3240336-31 
3.1855906-35 
-4.1207626-40 



7 
0 

4.1926136-07 
4.2254796-12 
1.4832846-15 
3.4205466-19 
-2.8288996-23 
-1.6807316-27 
2.9065866-31 
-5.2523296-35 

28 
0 

-1.6280206-07 
5.0046486-12 
1.2381156-16 
1.3458056-20 
-5.7227146-24 
7.4297796-28 
-5.3902936-32 
1.9885776-36 

46 
0 

-2.3657866-08 
3.6402996-12 
-1.5704336-16 
6.3818996-21 
-3.7708696-26 
-1.1167496-29 
6.4551536-34 
-1.0769206-38 



17 
0 

-2.0351916-07 
-2.7465206-11 
-2.5297176-15 

5.3814546-19 
-1.4478936-22 
-3.1757326-27 

5-1765296-30 
-1.0246656-33 

36 
0 

2.0604976-08 
6.2061716-13 
1.5688466-16 

-1.9704176-20 
2.8176126-24 

-2.0659396-28 
7.9798296-33 

-1.0394696-37 



19 
0 

6.5818376-08 

1.290762e-ll 
6.6381276-16 

-2,9433676-19 
3.5501786-24 
6.0507676-28 
4.3585686-31 

-4.2709466-35 

37 
0 

•r7. 9189426-08 
-7.3903466-13 

1.6772286-16 
-6.727857e-21 

6.7032928-25 
-1,7125526-29 
-9,4300986-34 

4.2392226-38 
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SURF 


RADIUS 


THICKNESS 


MATERIAL 


INDEX 


wC(CLXi,/XAJRL . 


0 : 


= OB 


35.000000 




1 00030168 . 


66 onn 

wO • U vU 


1 




1.166644 




1 00030168 




2 


197.911058 


20.674095 


SI02V 


1 (^6078^70 


QA AAA 


3 


635.116021 


2.894278 






on AAA 

70 .000 


4 


154.515346 


52 .818599 




X • DO U / 03 / U 


AC AAA 
73 . 000 


5 


"674.545898 


46 213532 




X . UUUZ)7^DD 


AC t\ f\ f\ 

95 . 000 


6 


351.508267 


12 .006164 

•fc** .www ak W V 


0XV/« V 


X.90U#o3/U 


7o .354 


7 


-355 .431508 


1 879459 




X . UUUil97D0 


73 . 677 


8 


137.853261 


42 .368303 


ST02V 
0XwA V 


X • 3DU / o3 f U 


•7 C AAA 

/5 • 000 


9 


-168.451126 


1.576637 




X • UUUZt7 27 D 0 


T C AAA 

75 . 000 


10 




18 000000 




X • UUUZ2^y70D 


36 . 370 


11 




10 ooooon 


i3XUZ V 


1 C£A'70C'7A 
X . DOU /OD/O 


44 . 778 


12 




25 245183 




X . UUU^7700 


47 . 596 


13 


-69.535170 


15 . 000107 


<3Tn2V 
OXU^ V 


1 RCn7oc*7n 
X • 30U /a3 / U 


C A AAA 
50 . 000 


14 


-125.326320 


1 00006Q 






60 . 000 


15 


-178-873389 


25 78841 0 


CTnOX7 

oxuzv 




65 . 000 


16 


-101.720844 


15 664259 




X . uu\J^^7^^0D 


70 . 000 


17 


-199 . 223616 




OXUZ V 


X .00078570 


80 . 000 


18 


-102 ,251112 


0 09Q7AQ 




X . 0UUz^7OO 


on AAA 

80 . 000 


19 




40 000000 

^w . vwwWw 




1 'AAAOAOf f 
X . 0002^700 


A A ^ A A 

90 .389 


20 




209 622700 




X . UuU279oo 


At Jl A A 

92 .498 


21 


-166.119896 


-20Q 622700 


IVlSif Jj 


X . 00029^00 


4 C A AAA 

150 . 000 


22 


175 . 984040 


■ 20Q 629700 


ID T?CT 


L . OOOz^^OD 


IOC? AAA 

125 . 000 


23 




AO onnonn 




1 .00029966 


A A 4 *% n 

99 . 138 


24 




0 1797Tn 




1 . 00029966 


105.283 


25 


253 724164 




oXU^V 


1 .5o07d570 


110. 000 


26 


-576 959427 


1 12QAQn 




1 • 00029966 


110. 000 


27 


969 471804 






1.56078570 


105 . 000 


28 


349 . 602989 


0 QQQQAft 




*1 AAAOQO^^ 
X .00029700 


105 . 000 


29 


528 180407 


1 h nnnnno 


bXU^ V 


1 . 56078570 


95 . 000 


30 


121 034243 


37 70Q9P1 




1 AAAO AA^r^" 

1 . 00029966 


80. 000 


31 


-511 453381 


1 0 onnnnn 


oxUZV 


X . 3O078570 


80. 000 


32 


144 . 865830 


27 748^74 




X . 00029900 


A A AAA 

80. 000 


33 


-2683 436282 


1 0 oonnnn 


oXU^V 


X.5b078570 


90.000 


34 


350 . 818886 


21 231A21 




1 AAAOAAff 

X .00029966 


90. 000 


35 


564 353180 




OXU^V 


1.56078570 


120. 000 


36 


-231 828235 


1 7 071 




1 AAAAAA^^ 

1 . 00029966 


120. 000 


37 


--844 682?'^d 


7 7 1 7A^7Q 


SI02V 


1.56078570 


130. 000 


38 


-257 nSd^OR 


X^ . O / 




1.00029966 


135. 000 


39 




70 Q71fiCA 
/ 7 • 9 /Xo04 


SXU2V 


1.56078570 


140. 000 


40 


-191 .420105 


1 nooonn 

X . uuuuuu 




1 AAAOAAf f 

X . 00029966 


•IPC? A M #\ 

155. 000 


41 






SI02V 


1.56078570 


160. 000 


42 


-617.708478 


0 Q9973Q 




X • UUU27700 


1 ^ A AAA 

160. 000 


43 


290.550562 


51.321670 


SI02V 


1.56078570 


150. 000 


44 


-1239.997337 


1.000000 




1.00029966 


150.000 


45 


234.055441 


41.191419 


SI02V 


1.56078570 


125.000 


46 


1260.796700 


1.000000 




1.00029966 


125.000 


47 


119.116897 


46.087832 


SI02V 


1.56078570 


92.000 


48 


410.714306 


0.999596 




1.00029966 


90.000 


49 


57.007308 


19.999880 


SI02V 


1.56078570 


52.000 


50 


70.000000 


24.719485 


(F) 


1.65000000 


48.000 


51 




3.000000 


(F) 


1.65000000 


34.000 


52 = 


IM 








34.000 
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Table 2b 



ASPHEiaC CONSTANTS 



SRF 


2 




5 




7 

# 






1 

X3 






17 


K 




0 




0 




A 
U 






U 






0 


CI 


-4 


.272071e-08 


-6 


.6608526-08 


A 


fil 949*50-07 


— X * 


0X7ZX /6- 


m 
•U / 


-z 


- 1342726- 


-08 


C2 

mm 


-2 


.130756e-12 


5 


.0705076-12 


1 
X 


9fl7fi7fitf»-1 1 


—X ■ 


<^7 0*5 1 Oa 
0 / !70 J ^6~ 


-XX 


2 


. 04213 Oe- 


-12 


C3 


-3 


.407494e-16 


-7 


.6153466-16 


9 


■ XO^ /4ZC— X^ 


-A 


1 A C 9 A 


-X3 


0 


. X4453 06- 


•16 


C4 


4 


.132704e-20 


7 


.6066156-20. 




9n97nQo-1 Q 

• / \/76 — Xdr 


X . 


1C*;771 A 


-Xo 


-X 


• 2038336- 


•1 n 

-19 


C5 


-8 


. 614408e-24 


5 


.8424746-24 


1 


1 RQ7 AOa— 99 
. X07 / 07€— 


— / • 


Z7a!>J #6- 


-22 


3 


.7773036- 


-23 


C6 


1 


.4020576-27 


-1 


.68938.76-27 


-4 


.3287826-26 


1. 


1161116- 


-25 


-6 


.8783386- 


-27 


P7 

v» / 




.3202816-31 


1 


.2804966-31 


5 


.0257466-30 


4. 


2394806- 


■31 


6 


.5477276- 


•31 




O 




-3 


.4991496-36 


*> 
—A 


.4553526-34 


-2 . 


8014536- 


•33 


-2 


.5721586- 


-35 


CP1? 




^ J. 




22 




28 




■ 


36 






37 










-0.223377 




0 






0 






0 






nn n n n n A>^nn 

* UU V II U Ue^UU 


0 


.OOOOOOe+00 


4 

-1 


.7428656-07 


-1 . 


1463 546<- 


09 


-8 


.9041466- 


-08 






1 94xi;79iie— X4 


4.2424746-15 


3 


. 9896516-12 


6 . 


4875086- 


■13 


-9 


.7040356- 


■13 




~z . 




-1 


.6331156-19 


Z 


. 2323716-16 


2 . 


1065726- 


•16 


1 


.9323496- 


■16 




_o 

~z . 


701 Q7Ao— 9"^ 


7 


.9667516-23 


-2 


. 8512976-20 


-1. 


9818956- 


'20 


-9 


.1409626- 


21 




X • 




-8. 


.8988176-27 


X 


. 1484246-24 


2 . 


4326426- 


•24 


1 


.6124816- 


25 


C6 


-7. 


nQ9 R97a_'10 


6. 


.2768856-31 


3 < 


.1029826-28 


-1. 


3275796- 


28 


-5 


.8171896- 


30 


01 


1, 


.6548906-36 


-2, 


.2628956-35 


-5, 


.0584996-32 


4. 


1262506- 


-33 


-1 


.2502316- 


33 


C8 


-1, 


.6955306-41 


3. 


.5326616-40 


3. 


.0075116-36 


-3. 


7534356- 


38 


3 


.6106896- 


38 


SRF 




39 




43 




46 














K 




0 




0 




0 














CI 


6. 


669745e-09 


-3. 


0638766-08 


-3. 


.4028056-08 














C2 


1. 


1904216-13 


3. 


6428826-13 


4. 


,1266356-12 














C3 ■ 


-7. 


8880656-17 


2. 


7848056-17 


-1. 


,9311516-16 














C4 - 


-5. 


8821686-23 


-6. 


4292706-22 


8. 


1495306-21 














C5 


2. 


4132626-26 


8. 


6615496-27 


-7. 


1444386-26 














C6 


8. 


2429016-30 


-8. 


0156856-31 


-1. 


3416716-29 














C7 - 


-6- 


2566316-34 


2. 


8250516-35 


7. 


8554986-34 














C8 


1. 


4450736-38 


-3. 


1702586-40 


-1. 


3615886-38 
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SURF 



RADIUS 



THICKNESS MATERIAL 



BIDEX 



SEMIDIAH. 



0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 



= OB 



170 
-599 

333 
-5357 

524 
-372 

273 
-304 

326 
-194 



.078547 
.314872 
.623154 
.879827 
.085081 
.985082 
.494931 
.985535 
.223899 
.836449 



-65.482398 
-89-830925 
-181.375682 
-112.069227 
-158.283947 
-102-436390 



-166.136319 
173.615104 



161.705740 
338-219127 
539.284856 
115.279475 
-713.073292 
153.450259 
-35457-805610 
338.447211 
488.793543 
-2.29.090765 
-813.380443 
-255.856356 
-397.181958 
-197.104943 
616.283620 
-558.051853 
297.754439 
-1599.554010 
216.813876 
2513.355923 
102.047705 
258.213934 
67.045666 
33-992537 



35.000000 
0.099980 
36.468596 
2.182511 
49.026243 
17.783452 
39.656864 
1.020916 
25.000000 
1.000000 
32.555959 
18.000006 
0.000000 
10.000000 
24.420303 
15.000019 
12.487606 
17.778805 
1.008243 
37.090377 
0.099969 
40.000000 
209.622700 
•209.622700 
209.622700 
40.000000 
0.104935 
39.665166 
4.220151 
10.000000 
38.192763 
10.000000 
25.766812 
10.000000 
22.577058 
. 45.370961 
17.224093 
31.337371 
9.074786 
81.335823 
1.000000 
55.915659 
0.999900 
48.959126 
1.000000 
43.986900 
1-000000 
42.326072 
1.000000 
10.000000 
27.639900 
3.000000 
3.000000 



SI02V 
SI02V 
SI02V 
SI02V 
SI02V 

SI02V 
SI02V 
SI02V 
SI02V 



REFIi 
REFIi 



SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 

SI02V 
(P) 



= IM 



R3.) 



1.00030168 

1.00030168 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.00029966 

1.00029966 

1.00029966 

1.00029966 

1.00029966 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.00029966 

1.56078570 

1.65000000 

1.80000000 

1.65000000 



66.000 
77.003 
90.000 
90.000 
95.000 
95.000 
76.354 
73.677 
75.000 
75.000 
75.000 
75.000 
36.370 
44.778 
47.596 
50.000 
60.000 
65.000 
70.000 
80.000 
80.000 
90.389 
92.498 
150.000 
125.000 
99-138 
105.283 
110.000 
105.000 
95.000 
80.000 
80.000 
80.000 
90.000 
90.000 
120.000 
120-000 
130.000 
135.000 
140.000 
155.000 
160.000 
160.000 
150.000 
150.000 
125.000 
125.000 
88.000 
85.000 
52.000 
33.000 
33.000 
33.000 
33.000 
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ASPHERIC 

SRF 2 

K 0 

CI -6.761238e-08 

C2 -2.7950746-13 

C3 -3.419978e-16 

C4 3.593975e-20 

C5 -7.394770e-24 

C6 1.0674586-27 

C7 -9.0435426-32 

C8 3.3297976-36 

SRF 23 

K -0.603427 

CI 0.000000e4>00 

C2 -1.0582246-14 

C3 -1.4132696-19 

C4 --1.204112e~23 

C5 4.9638666-28 

C6 -2.1290666-32 

C7 3.7954776-37 

C8 -2.9182846-42 

SRF 39 

K 0 

CI 5.9396806-09 

C2 -2.3751346-13 

C3 -6.8062246-17 

04 -8.0826136-23 

C5 -1.9672216-26 

C6 1.2664026-29 

C7 -8.6227116-34 

C8 1.9022996-38 



CONSTANTS 

5 
0 

-1.3399526-07 
8.0818966-12 

-1,5205196-15 
1.1583566-19 
8.1659856-24 

-2.0183946-27 
1.2520036-31 

-2.4098246-36 

24 

-0.236665 
0.0000006'fOO 
3.6997416-15 

-3.7507756-20 
5.4306406-23 

-5.8011746-27 
4.2791646-31 

-1-5746986-35 
2.6854816-40 

43 
0 

-2.7522876-08 
4.1144566-13 
2.7376756-17 
-3.5263726-22 
-7.7046796-27 
-4.7191016-31 
2.7946336-35 
-3.7163326-40 



7 
0 

4.3229576-07 
6.6384876-12 
1.1961376-15 
3.1390766-19 
-2.1034386-23 
-2.5402486-27 
3.7648796-31 
-5.5512496-35 

28 
0 

-1.7242556-07 
4.9764456-12 
2.3870926-16 
5.5257296-21 

-6.0526656-24 
7.7250956-28 

-5.0457386-32 
1.5644236-36 

46 
0 

-2.4131716-08 
3.6956746-12 

-1.6214706-16 
6.6813826-21 

-4.618168e-26 

-1.1178416-29 
6.5543506-34 

-1.0998166-38 



17 
0 

-1.8657176-07 
-2.6058176-11 
-2.2234256-15 

4.5293976-19 
-1.0361636-22 
-6.0858596-27 

4.3547326-30 
-7.8814426-34 

36 
0 

1.7257526-08 
5.4714416-13 
1.3909906-16 
•1.7559506-20 
2.6256966-24 
-1.9146176-28 
7.3959716-33 
7.9806916-38 



19 
0 

5.6947396-08 
1.2976636-11 
7.5510946-16 
-2.8016406-19 
-1.2938396-24 
7.8679486-28 
4.7639066-31 
-4.5771226-35 

37 
0 

-8.2794896-08 
-8.0222106-13 

1.4311486-16 
-5.7679306-21 

6.8717666-25 
-2.2409626-29 
-3.6397156-34 

3.1355296-38 



1 
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A — 




X 


-"3^ J • 1o493d 


A 


-ZIQ • 0oo935 




X4j . J39781 


A 
% 


776662 


c 
3 


loB . 075295 


c 
o 


-581 . 011371 


7 


82 .494445 


8 


74.608756 






10 




11 


-93 . 661632 


12 


-97 .944812 


IJ 


-63 . 503040 


14 


ft ^ ' ^ ft ft ft PV 

-94 .409957 


15 


-328 . 877474 


Id 


-131. 896136 


. 17 


204 .370502 


18 


-2747 . 675446 


19 


216.208053 


20 


2712.784924 


21 = 


FMl « 


22 


101.244286 


23 


628.850173 


24 


102.805812 


25 


200-305727 


26 


150.933505 


27 


#4 4^ 04 

200.305727 


28 


102.805812 


29 


628.850173 


30 


101.244286 


31 = 


^^F* J^4 

FM2 «> 


•x ^ 
32 


862.422907 


33 


p% p% 0^ #v n 0% tfft 4^ A 

229.773890 


34 


-617.789022 


35 


565.469461 


36 


-246. 806971 


37 


^4 04 A 04 0^ 04 ^ AM MM ^h 

32400.831779 


38 


-158.610832 


39 


-1341.469728 


40 


3541.685396 


41 


-126.167849 


42 


469.858200 


43 


-108.758112 


44 


-1480.509587 


45 


2433.499100 


46 


-1932.185692 


47 


428.080551 


48 


-408.475637 


49 


-16389.465356 


50 


-342.428932 


51 


658.847066 


52 




53 





PCT/EP2004/014219 



- 25 - 



THICKNESS MATERIAL 



IZIDEX 



LDIAM. 



101.496840 
27.851984 
0.999968 

52.055602 
35.383042 
52.902563 
0.099991 
46.014670 
18.376623 
0.000000 
9.898700 
25.608969 
42.548618 
54.172316 
1.264244 
40.537580 
1.001643 
42.653441 
1.723900 
27.952948 
99.872557 
•160.545313 
-12.500000 
-53.212241 
-12.500000 
-25.464217 
25.464217 
12.500000 
53.212241 
12.500000 
160.545353 
109.999623 
-30.130833 
-0.999915 
-35.509195 
-0.999931 
-44.859593 
-0.099930 
-71.070427 
-8.796304 
"11.999956 
-44.791303 
-11.999957 
-27.637030 
-15.436600 
-49.439954 
-25.660740 
-0.999961 
>36. 662820 
-7.335981 
•60.116835 
-0.091541 
0.000000 
-2.670708 



SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

REFL 
SI02 

SI02 

REFL 
SI02 

SI02 

REFL 
SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 



1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 
1.56032610 

1.56032610 
1.56032610 

1.56032610 
1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 

1.56032610 



62.000 
96.419 
99.916 
115.102 
110.966 
95.593 
85.017 
65.623 
43.366 
40.333 
40.333 
40.388 
50.610 
58.454 
87.595 
104.907 
106.846 
107.596 
105.816 
97.813 
94.335 
27.154 
72.986 
88.277 
91.193 
119.887 
122.686 
119.499 
90.105 
85.671 
71.821 
134.552 
102.165 
105.942 
118.697 
120.255 
124.965 
123 . 417 
112.458 
98.473 
96.987 
78.038 
78.204 
84.487 
86.624 
90.710 
119.141 
123.769 
147.587 
148.838 
158.305 
157.731 
156.315 
156.315 
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Table 4a (cont.) 



54 


-702 


. 444090 


-32 


792626 






Q A QT O A 

• oUo / oU 


-0 


. 999915 


56 


-309 


.712976 


-41 


.860232 


57 


3694 


•385507 


-0 


.999819 


58 


-135 


.513673 


-31 


.965622 


59 


-185 


.513505 


-0 


.999775 


60 


-88 


.090936 


-38 


.540831 


61 


-187 


.712668 


-0 


.999577 


62 


-58 


.692832 


-9 


.999803 


63 


-33 


.167937 


-38 


.114503 


64 






-3 


.000000 


65 = 


IM 









26 - 





1 CCA'SOfIA 


155. 


963 






155. 


470 


SI02 


1.56032610 


144. 


999 






144. 


012 


SI02 


1.56032610 


109. 


063 






103. 


967 


SI02 


1.56032610 


80. 


707 






73. 


736 


SI02 


1.56032610 


51. 


770 


(F) 


1.65000000 


33. 


117 


(F) 


1.65000000 


20. 


048 






15. 


841 
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Table 4b 

ASPHERIC CONSTANTS 

4 

SRP 6 15 20 22 30 

K 0 0 0 0 0 

CI 1.190289e-07 -1.976769e-08 4.403358e-08 -6.572731e-08 -6 . 572731e-08 

C2 -2.160947e-12 1.109889e-12 8.071972e-17 -4.743844e-12 -"4.7438446-12 

C3 6.852608e-16 -3 . 889116e-17 3.366541e-18 -9 . 012440e-18 -9 . 012440e-18 

C4 -3.837379e-20 -1. 882901e-21 5.100729e-22 -1.597994e-19 -1. 597994e-19 

C5 1.217764e-25 1.332477e-25 -4 .259657e-26 2.141145e-23 2.141145e-23 

C6 2.211313e-28 -2 .258521e-30 2.686157e-30 -2 .2502896-27 -2 .250289e-27 

SRP 39 41 43 46 51 

K 0 0 0 0 0 

CI 1.699431e-08 -2.143897e-07 2.168103e-07 3.1568346-08 -7 . 013045e-09 

C2 -9.046901e-12 2.732198e-12 1.367067e-12 3.4B7654e-13 5.963914e-16 

C3 1.128480e-15 -1.371285e-15 3.062347e-16 -1. 560492e-17 -1. 630073e-17 

C4 -9.595855e-20 -1.137997e-19 5.350290e-20 1.140928e-21 5.3960666-22 

C5 5.011204e-24 2,693954e-23 -4 .811379e-24 -4. 815997e-26 -7 . 602819e-27 

C6 -1.196219e-28 -3 .312568e-27 4.970104e-28 5.836063e-31 4.085943e-32 

SRF 59 61 

K 0 0 

CI 4.429013e-08 -9.119846e-08 
C2 -4.664097e-12 -9 .933832e-12 
C3 3.978191e-16 4.577490e-16 
C4 -1.307434e-20 -2 . 618132e-19 
C5 -5.651715e-25 5.019446e-23 
C6 3.529575e-29 -5 .414482e-27 
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Table 


5a- 


SURF 


RADIUS 


0 a OB 


1 


X7v • «X^90 / 




— O J / . 0./d7Z0 


•a 


79 • 4751o0 


A 
'» 


1 Afi "77 CQ1 Q 


C 


XUo4 . 7UX2^ / O 


C 
D 


**Jz27 • z o4z3o 


7 


J /z . J Da273 


Q 
D 


-x4o . 9 /7U42 


Q 

7 




1 n 


-D / . /Z JXo3 


1 1 


- /x . Io0453 


1 *> 


J 0 J . 639393 


X J 


-904 • d952oo 


1 A 


173 • O98033 


1 C 
X3 


-389 . 247961 


XO 


• 


1 7 
X / 


-lox .387947 


1 ft 
XO 


Z30 .^07631 


1 Q 

Xj^ 




z u 


zbl . 052546 


zx 


— oOlD - 827917 


77 


-125 . 018112 


Z J 


129 . 125754 




-681 - 780853 


o c 
Z3 


205 .568565 


zb 


-183 .215344 


A 1 


-747 . 008350 


Zo 


1186.195936 


29 


-156.971444 


30 


648.451941 


31 


-396.824326 


32 


289.870283 


33 


480.887470 


34 


178.362272 


35 


253.519298 


36 


154.855021 


37 


522.613285 


38 


100.582695 


39 


272.608620 


40 


58.829925 


41 


37.856352 


42 IM 
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i> XIX I^JSJMiSo ^ 


MA 1 KNXATf 

• 


INDEX 


SEMIDIAM. 


<dX • Z04 /7Z 






52.000 


^Z • /ZUJ77 


SxU2V 


1 .56078570 


74.615 


0.3 /0734 






74.349 


ZO . /Zao30 


Sx02V 


1.56078570 


70.388 


3U • 4a9Db2 






65.856 


14 , 117445 


SI02V 


1.56078570 


60.419 


0 .743287 






58.910 


15.458004 


SI02V 


1.56078570 


54.832 


27.240305 






52.113 


32 .301644 






43.951 


31.449460 


SI02V 


1.56078570 


47.695 


0 . 929754 






62.740 


22.046149 


SI02V 


1.56078570 


83.185 


0 . 905975 






84.675 


38.448563 


SI02V 


1.56078570 


' 90.818 


29 . 862111 






90.050 


258 . 234067 






85.109 


zbd . 234067 


REFtj 




103.744 


258 .234067 


REFL 




180.342 


29 .981280 






116.992 


31.241091 


SI02V 


1.56078570 


101.576 


77 .406555 






98.554 


8.960662 


SI02V 


1.56078570 


70.289 


2.8 . 406854 






68.882 


8.898731 


SI02V 


1.56078570 


70.634 


41 .577461 






78.503 


15 .843375 


SI02V 


1.56078570 


82.563 


6 .201177 






102.654 


72.658205 


SI02V 


1.56078570 


120.160 


0 .905847 






126.492 


66. 013805 


SI02V 


1.56078570 


163.810 


ZD . 9aoll7 






165.175 


40.412480 


SI02V 


1.56078570 


163.677 


0.928925 






151.538 


40.967739 


SI02V 


1.56078570 


144.125 


0.947294 






138.643 


52.211656 


SI02V 


1.56078570 


125.560 


0.825571 






119.129 


44.936735 


SI02V 


1.56078570 


88.620 


0.825571 




> 


79.210 


8.861393 


SI02V 


1.56078570 


52.876 


45.769132 


(F) 


1.80000000 


37.564 








13.001 
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Table 5b 
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ASPHERXC 




CONSTANTS 














































«M 

SRF 




1 




5 






6 






15 






17 


Jv 




0 




0 






0 






0 






0 


cx 


2 


. 0353686-07 


1 


.1611736-07 


6 


.549025e< 


-07 


1 


.0589646- 


■07 


1. 


4861286- 


-08 




2 


. 1220456-13 


-9 


.1748546-11 


1 


.1339076- 


-11 


-1 


.9604646- 


-12 


6. 


2249036- 


-13 


C3 


-1 


.232124e-15 


9 


.0781266-15 


2 


.9317086- 


-14 


-1 


.7193466- 


-16 


1. 


6755906- 


•17 


C4 


6 


. 485869e-20 


-1 


.2609526-18 


-8 


.2851566- 


-18 


2 


.2173356- 


-20 


1. 


2691776- 


•21 


C5 


9 


.9175776-24 


2 


.0193056-22 


3 


.5000316- 

• V W W w ««F ^7 


•21 




. X J ^ J JL 7 Q— 




— D • 


ZOUJLZ06-' 




C6 


-9 


.5821636-28 


-7 


.8119196-27 


3 


.5224306- 


-26 


2 


.5276626- 


■29 


4. 


6543286- 


■3d 


SRF 




18 




22 






25 






28 






33 


K 




-0.267731 




0 






0 






0 






0 


CI 


-7 


.0236746-10 


4 


.6054866-07 


2 


.8817946- 


■07 


-3 


.5761096- 


-08 


-1. 


0852746- 


-08 


C2 


-9 


.4776436-15 


-7 


.2270586-11 


-4 


.4941816- 


■11 


8 


.1409636- 


■13 


1. 


1151726- 


•13 


C3 


-7 


.4234666-20 


1 


.0568696-14 


-2 


.4484116- 


•15 


-3 


.9358046- 


17 


-9. 


8438426- 


■18 


C4 


-4 


.4291956-24 


-1 


.2438136-18 


9 


.6213326- 


19 


-7 


.6244206- 


22 


-1. 


4200936- 


22 


C5 


4 


.7057456-29 


1 


.0984246-22 


-9 


.4749766- 


23 


1 


.4731046- 


25 


1. 


3503996- 


26 


C6 


-1. 


.0089776-33 


-3. 


.5542836-27 


3 


.7350146- 


27 


-5 


.2841406- 


30 


-1. 


6821676- 


31 


SRF 




37 




39 




















K 




0 




0 




















CI 


2. 


.8420586-08 


1, 


.1067696-07 




















C2 


-9, 


,1897276-15 


2. 


,9402966-12 




















03 


7. 


0671876-17 


-8. 


,5363416-17 




















C4 


-5. 


8629236-21 


4. 


5903496-20 




















C5 


2. 


9021216-25 


-8. 


7547306-24 




















C6 


-4. 


9763306-30 


5. 


6653336-28 
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Table 


6a 


- 


SURF 


RADIUS 


THICKNSSS 


0 = OB 


31.284792 


n 

±, 




0.000000 


2 


193.599182 


32.235664 




-988 . 153919 


6.121005 


4 


95.312730 


28.437060 


5 


149.958061 


29.337945 


D 
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Claims: 



10 



1. Objective designed as a microlithography 
projection objective for an operating wavelength, 
- having a greatest adjustable image-side ntimerical 
5 apertixre NA, 

having at least one first lens made from a solid 
transparent body, in particular glass or crystal, with 
a refractive index nL, 

having at least one liquid lens (F) made from a 
transparent liquid, with a refractive index np, 
wherein at the operating wavelength 

the first lens has the greatest refractive index nL 
of all solid lenses of the objective, 

the refractive index np of the at least one liquid 
15 lens (F) is bigger than the refractive index ni, of the 
first lens 

and the value of the numerical aperture NA is 
bigger than 1. 

20 2, Objective according to Claim 1, characterized in 
that at the operating wavelength the refractive indices 
np and nL and the niomerical aperture NA are related to 
each other according to np > NA > ni.. 

25 3. Objective according to at least one of the 
preceding claims, characterized in that at the 
operating wavelength the numerical aperture NA ^ 1.4. 

4. Objective according to at least one of the 
30 preceding claims, characterized in that the at least 
one liquid lens (F) is the last curved optical element 
on the image side. 
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5.. Objective according to at least one of the 
preceding claims, characterized in that a 
plane-parallel plate (EP) is arranged between the at 
5 least one liquid lens (F) and the image plane (IM) of 
the objective. 

6. Objective according to Claim 5, characterized in 
that at the operating wavelength the refractive index 
0 nsp of the plane-parallel plate (EP) is greater than the 
refractive index np of the at least one liquid lens (F) , 
in particular in that the plane-parallel plate consists 
of sapphire. 



5 7. Objective according to at least one of the 
preceding claims, characterized in that the at least 
one liquid lens (F) is essentially hemispherical and, 
in particular, has a thickness on the optical axis of 
the objective that is 80 to 110% of the radius of its 

0 curved surface. 

8. Objective according to at least one of the 
preceding claims, characterized in that it exhibits one 
or two intermediate images (IMl, IM2) . 

5 

9. Objective according to at least one of the 
preceding claims, characterized in that it is 
catadioptric. 

) . 10. Objective according to at least one of the 
preceding claims, characterized in that it comprises an 
image-side objective part arranged at the image-side 
end of the objective and being refractive. 
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11. Objective according to Claim 10, characterized in 
that the pupil (P) of the image-side objective part is 
arranged between a lens . at which the traversing light 
5 biindle is of greatest diameter and the image plane 
(IM) . 



12. Objective according to at least one of the 
preceding claims, characterized in that a niomber of 
meniscus lenses of positive refractive power, which 
have a concave shape on the image side, are preceding 
the at least, one liquid lens (F) . 



10 



13. Objective according to at least one of the 
15 preceding claims, characterized in that a stop-down 
system aperture is arranged in an object-side objective 
part, which is located at the object-side end of the 
objective. 



20 



25 



14. Objective according to at least one of the 
preceding claims, characterized in that at the 
operating wavelength the refractive index np of the at 
least one liquid lens (F) is bigger than 1.4, 
preferably equal to or bigger than 1.6. 



15. Objective according to at least one of the 
preceding claims, characterized in that it is a 
catadioptric objective for which all refracting or 
reflecting surfaces are rotationally symmetrical in 
30 relation to a common axis. 
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16. Objective according to at least one of the 
preceding claims, characterized in that it is a 
catadioptric objective and all the mirrors are curved. 

5 17. Objective according to at least one of the 
preceding claims, characterized in that it contprises a 
catoptric or catadioptric objective part. 



10 



20 



30 



18. Objective according to at least one of the 
preceding claims, characterized in that it coii5>rises a 
catadioptric objective part with a concave mirror and a 
negative lens. 



19. Objective according to at least one of the 
15 preceding claims, characterized in that it is an 
immersion objective. 



20. Objective according to at least one of the 
preceding claims, characterized in that at least one 
liquid lens (F) touches the image plane (IM) and an 
object, if the object is arranged in the image plane in 
order to be exposed. 



21. Objective according to at least one of the 
25 preceding claims, characterized in that it includes an 
object-side last element made from a transparrat solid 
body, in particular a plane-parallel plate (BP) 
according to Claim 5 or 6, and in that a transparent 
medium with a refractive index nj > 1.1 at the operating 
wavelength is arranged between this element and an 
object in the region of the image plane (IM) . 
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22. Objective according to Claim 21, characterized in 
that at the operating wavelength it holds that ni = np. 

23. Objective according to Claim 21 or Claim 22, 
5 characterized in that at the operating wavelength it 

holds that nj ^ nj,. 



24. Objective according to at least one of the 
preceding claims, characterized in that a material of 
the first lens or fxirther lenses is a material from, the 
group of fused silica and fluoride monocrystals 
con5)rising CaF2, BaF2, SrFa, LiF, NaF. 



wo 2005/059654 



3/3 



PCT/EP2004/014219 




ir^RNATIONAL SEARCH REPORT 




lonil ApplcMlon No 

PCT/EP2004/014219 



A. CLASSIFICATION OF SUBJ 

IPC 7 G03F7^ 



ECT UATTEA 



AccofOhg 10 imsmaitonai Pateni Ctassffica!ton (FC) or to both rtatlonai dassfficaiion and IPC 



a PIELOS SEARCHED 



Mnimum dDcumentalon saarchsd (dassification system foOowsd by dassificaUon symbots) 

IPC 7 G03F 



Documentation searched ottier than mmsnumdoGunwi^ m the toUs searched 

Electronic data baae oonsuRed during the fntamaUonalaeBrch (name of data base andi vrhera practicat search tanm used) 

EPO-Internal 



C. DOCUUENTS CONSIDERED TO BE RELEVANT 



Category* 



CAalnn d doounenl. with ndicatnn. where appropriate, d (he relevant passages 



Relevant to daim No. 



us 2003/174408 Al (ROSTALSKI HANS-JUERGEN 
ET AL) 18 September 2003 (2003-09-18) 
paragraphs '0025!, '0057!; table 1 

HOFFNAGLE J A ET AL: "Liquid Immersion 
deep-ultraviolet Interferometric 
lithography" 

JOURNAL OF VACUUM SCIENCE & TECHNOLOGY B: 

MICROELECTRONICS PROCESSING AND PHENOMENA. 

AMERICAN VACUUM SOCIETY, NEW YORK, NY, US, 

vol. 17, no. 6, November 1999 (1999-11), 

pages 3306-3309, XP012007924 

ISSN: 0734-211X 

page 3307 - page 3308 

NA=1.2, n(prlsm) = 1.5 < n(lmmerslon) = 

1.51 

-/- 



1-24 



1 



I X| FuittMrdocuineidsarallatadinOia conUnualionotbcKC. 



ID 



Palertf family meiTteis ere Getad In annex 



* Special categories of died documents : 

'A' document defining the general slate of the art whch is nol 
consMered to be of particular relevance 

earlier document but published on or aner ihe ntemallonal 
(Bngdate 

*L' document which may throw doubts on priority daim(s) or 
whch B cited lo establish Ihe pubOcaton date of another 
dtalion or other apeoat reason (as spectfied) 

document refenmg to an oral dsdosure. use. exhibition or 
other means 

*P* document publlshdd prior to the Iniemational fUingdaie but 
later than the pnonty date claimed 



T later document published after the Intematlonal filing date 
or priorlly date and not In oonflid %vUh the application but 
ated to understand ihe principle or theory underlying the 
invention 

*X* dociiment of particular rBlevanoe; the davned invention 
cannot be considered novel or cannot be considered to 
nvohre an nvenlMfe step w4)en the documenl Is taken alone 

'V document of particular retevanoe. the darned invention 
cannot be considsred lo hvoh^ an mvenllve step when the 
document b combined with one or mora other such docu- 
ments, such oomMnailon being obvious to a person sMIied 
in the ail. 

document member of the same pateni family 



Date of Ihe adual completion of the mtemabonal search 



25 Kay 2005 



Date of ntaAng of the mtemational aearch report 

10/06/2005 



Name and malkng address of the GA 

European Patent OffBe* P.B 5616 Palenttaan 2 
NL > 2260 HV R|8wi)k 
TeL (-^31 -70) 340-204a Tx 31 651 epo nl 
Fax (-fSl -70) 340-3016 



Authorized officer 



Eisner. K 



Fofm PCryiSA/SIO (sacond shaat) (January 2004) 



page 1 of 2 



IfjpRNATIONAL SEARCH REPORT 



Intd^hmil AppUcallon No 

PCT/EP2004/014219 



Celegofy 



P.X 



Caatnn of document, mrilti indicaiDon. wbere appropriale, of Die relevanl passages 

BRUCE SMITH: "Water-based 193niD immersion 
lithography" 'Online! 

28 January 2004 (2004-01-28), XP002329291 
Retrieved from the Internet: 
URL : http : //www . seraat ech . org/resource s/1 1 1 h 
o/meet1ngs/1mmers1on/20040128/presentation 
s/06X20RITS620m1crostepper%20efforts_Sm1th. 
pdf> 'retrieved on 2005-05-24! 
page 14: NA > 1, lens material: S102 
page 22: n(11qu1d lens) > 1.6 > n(Si02) 



I RsSsvant to cbim No 



1-24 



Poim PCT/ISA/! 10 (oontnuatien of i 



Iiha8t)(^taiy2004) 



page 2 of 2 



It^RNATIONAL SEARCH REPORT 

bifennatlon on pstMt f amity nwmtors 




Patent document 
Qted jn search report 



PubUcatlon 



US 2003174408 Al 18-09-2003 



AppllcitJonNo 

PCT/EP2004/014219 





Patent tamDy 


Publication 




msmbats) 


date 


ut 


IQZ 10899 Al 


18-09-2003 


AU 


2002312872 Al 


22-09-2003 


AU 


2003221490 Al 


22-09-2003 


WO 


03077036 Al 


18-09-2003 


WO 


03077037 Al 


18-09-2003 


EP 


1483625 Al 


08-12-2004 


EP 


1485760 Al 


15-12-2004 


US 


2005030506 Al 


10-02-2005 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteOectual Property 
Organization 

Inteinationa} Bureau 

(43) International Publication Date 
30 June 2005 (30.06.2005) 










PCT 



(10) International Publication Number 

wo 2005/059645 A3 



(51) Intematioiial Patent Classification^: 
G02B 13/14 



G03F7/20. 



(21) International Application Number: 

PCr/EP2004/0 14100 

(22) International Filing Date: 

10 December 2004 (10.12.2004) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

• 60/530,623 19 December 2003 (19.12.2003) US 

60/568,006 4 May 2004 (04.05.2004) US 

(71) Applicant (for all designated States except US): CARL 
ZEISS SMT AG [DE/D^; Carl Zeiss Str. 22, 73447 
Obeilcochen (DE). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only): SCHUSTER, Kari- 
Heinz [DE/DE]; Rechbergstrasse 24. 89551 K5nigsbronn 
• (DE). 

(74) Agent: MCLLER-RISSMANN, Werner; c/o Carl Zeiss 
AG. F^tentabteOung, 73446 Oberkochen (DE). 

(81) Designated States (unUss otherwise indicated, for every 
kind of national protection available): AE. AG, AL, AM. 
AT, AU, AZ. BA, BB. BG. BR, BW, BY, BZ, CA, CH, CN, 
CO. CR. CU, CZ, DE, DK, DM. DZ, EC, EE, EG. ES, FI, 
GB, GD. GE. GH, GM, HR, HU, ID, IL, IN, IS. JP, KE. 
KG, KP. KR, KZ. LC, LK, LR, LS. LT. LU. LV. MA. MD. 
MG. MK, MN, MW, MX, MZ. NA, NI, NO, NZ, OM, PG, 
PH, PL. PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM. 
TN. TR, TT. TZ. UA, UG, US. UZ, VC, VN. YU. ZA. ZM. 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 

[ Continued on next page} 



(54) TiUe: MICROUTHOGRAPHY PROJECTION OBJECTIVE WITH CRYSTAL ELEMENTS 



o 
1/5 



O 



AS 



CaF2(110) 



CaF2(lll) 




SiO^Kristall 



(57) Abstract: A miciolithography projection 
objective is proposed with optical elements, 
i.e. lenses or planar-parallel plates (used as 
end-closure plates) of crystalline magnesium 
fluoride, quartz, lanthanum fluoride, sapphire and 
Alpha-aluminium oxide. Suitable crystallographic 
orientations, crystal 10 combinations, and 
polarizations of the light are described. Suitable 
applications are for immersion lithography or 
near-field lithography in the DUV and VLN range, 
using the highest numerical aperture values. 



wo 2005/059645 A3 liliHiiil 






GM. KE, LS, MW, MZ. NA. SD, SL, SZ. TZ, UG, ZM, 
ZW). Enrasian (AM. AZ, BY, KG. KZ, MD. RU, TJ. TM), 
European (AT, BE, BG, CH, CY. CZ, DE, DK, EE, ES, FI. 
FR, GB , GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO. 
SE, SI, SK, TR). OAPI (BF, BJ, CF, CG, Q, CM. GA, GN. 
GQ, GW. ML, MR, NB, SN. TD. TG). 

Declarations under Rule 4.17: 

— as to applicant's entixlemeni to apply for and be granted 
a patent (Rule 4.17(ii)) for the following designations AE, 
AG, AM, AZ AU, AZ, BA, BB, BG, BR, BW, BY, BZ, 
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, 
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KP, KR, KZ, LC, UC LR, LS, LT, LU, LV,MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, Nl, NO, NZ, OM, 
FG, PH, PL, PT, RO, RU, SQ SD, SE, SG, SK, SL, SY, TJ, 
TM, TN, TR, TT, TZ, UA, UG, UZ VC, VN, YU, ZA, ZM, 
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL,SZ,TZ, UG, ZM, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 



BG, CH, CY, CZ, DE, DK, EE, ES, FJ, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL PT, RO, SE, SI, SK, TR), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG) 

— as to the applicant V entitlement to claim the priority of the 
earlier tqtplication (Rule 4.17(iii)) for all designations 

— of inventorship (Rule 4J7(iv))for US only 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of pabllcatioD of the International search report: 

20 October 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of eadt regular issue of the PCT Gazette, 



INX&RNATIONAL SEARCH REPORT 



tme|fbiul AppOcatlon No 

PCFEP2004/014100 



A. CLASSIRCATION OFSUBJECT MATTER 

IPC 7 G03F7/20 e02B13/14 



Acconflng to internatfanal Patent ClassiacaUon (IPC) or to both naUonaldassfflcaflon and IPC 



B. RELOS SEARCHED 



MtnimumdocumentBtbn searched (ctasatficalionGyGtemfoaowBdbydassiQcata 

IPC 7 G03F G02B 



Documentallon searched other than minimum documentation to the extent that such documents are Included In the fields searched 



ElectjonlcdatataseoonsuUed dining the International search (name of data base am^ where practical, search lanns used) 

EPO-Internal, PAJ, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



CBlegory * 



CHattoo of document, wfth Indication, where appropftate, of the.relevant pasaagea 



Relevant to claim Na 



X 
Y 



US 2003/168597 Al (WEBB JAMES E ET AL) 
11 September 2003 (2003-09-11) 
paragraphs '0003! - '0006!, '0013!, 
'0026!, '0047!, '0050!, '0055! - 
'0057!, '0060!, '0061!, '0066!; figures 
1.4,8,9 

EP 1 083 444 A (NIKON CORPORATION) 
14 Harch 2001 (2001-03-14) 
paragraplis '0064!, '0065! 

US 6 291 110 81 (COOPER GREGORY D ET AL) 
18 September 2001 (2001-09-18) 
column 9, line 4 - line 10; figure 8 

-/- 



1-10, 
12-14 
11 



2.7,12, 
13 



11 



[X] Fultherilocunianlsarellstadlnihe oontlnuaiionaf bogia 



Patent family membeis are OBted In annex. 



* Special categories of cfted documents : 

*A' document defining the general state of the art which Is nol 
considered to be of particular relevance 

*P eartlerdocumenlfautpubdBhedonoraflerthe Iniematfonal 

filing date 

*L' document whteh may throw doubts on prlortty cta!m(s) or 
which Is died to eaabUsh the put>Ocatlon date of another 
dlatlon or other special reason (as specffted) 

document relsirlng to an oral disclosure, use. exhibition or 
other means 

*P* docun>ent publtehed prior to the intemattonal filing date but 
later than the priority date claimed 



T later document published aRer the International flDng date 
or priortty date and not In conflict w&h the appDcalton but 
dted to underetand the pdnc^le or theoiy undeityfcig the 

Invonllon 

'X* document of particular relevance; the claimed Invention 
cannot t)s considered novel or cannot be considered to 
involVB an hventhre step when the document b taken alone 

"Y* document of particular relevance; the dakned Inventton 
cannot be considered to Involve an Inventive step when the 
document te combined wDh one or more other such docu- 
ments, such oomblnallon being obvtous to a peraonsMlled 
In the art 

*&* docunnent member of the same patent family 



Date of the actual completion of the International search 



11 August 2005 



Date of maHftig of the Intomational seaich report 



29/08/2005 



Name and maKng address of the ISA 

European Patent OlTlce* P.a 5818 Patentlaan 2 
NL-2280HVI^swQK 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized Officer 



Eisner, K 



foan PCT/ISA/210 (aacond shaaQ (JanUBiy 2004) 



INISRNATIONAL SEARCH REPORT r— 



Intai^fenal AppOeatlon He 

PC™2004/014100 



&(CoiltlnuSaon} DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 



P.X 



UO 03/093904 A (CARL ZEISS SNT AG; 
SCHUSTER, KARL-HEINZ) 
13 November 2003 (2003-11-13) 
page 18, line 16 

WO 2004/013674 A (ASHL HOLDING N.V; 
SEWELL, HARRY) 

12 February 2004 (2004-02-12) 
paragraph '0042! 



RetovamtociainiNa 



11 



2,7.12, 
13 



Fonn PCT/iaA/210 (eontlnuadan of noond Gho^ (Januay 2004) 



INI^NATIONAL SEARCH REPORT 

^^rmaoon on patent family members 



AppOcaaenNo 

P2004/014100 



Patent document 




Pubilcafion 




Patent lamOy 


Publication 


cited In search report 




date 




mentberis) 


dat0 


US 2003168597 


Al 


11-09-2003 


AU 


2003230595 Al 


22-09-2003 








EP 


1521990 A2 


13-04-2005 








UO 


03076978 A2 


18-09-2003 


EP 1083444 


A 


14-03-2001 


EP 


1083444 Al 


14-03-2001 








JP 


2001147302 A 


29-05-2001 








US 


6495202 Bl 


^ ^ 4k 4k 4k 4k ^k 

17-12-2002 


US 6291110 


81 


18-09-2001 


AU 


8375798 A 


19-01-1999 








CA 


2295635 Al 


07-01-1999 








EP 


0991982 Al 


A 4k «k m 4k «K 4k 4k 

12-04-2000 








JP 


2002511980 T 


M ^k ^k 4 4k 4k 4k ^k 

16-04-2002 


- 






WO 


9900706 Al 


tfk «V 4k4i^^^ 

07-01-1999 








US 


2002176062 Al 


4 4 4k 4^ 4k 4k 

28-11-2002 








US 


2004051855 Al 


18-03-2004 


• 






us 


2002027647 Al 


A^ MA MAMA 

07-03-2002 


WO 03093904 


A 


13-11-2003 


AU 


4k 4k tfte 4h 4k 4k 4k 4k ■ 

2003232226 Al 


4 4 ^ ^k 4k #k ^k 

17-11-2003 








UO 


03093904 Al 


13-11-2003 








EP 


1502158 Al 


02-02-2005 








US 


2004004757 Al 


08-01-2004 








us 


2005111108 Al 


26-05-2005 




• 




AU 


4k ^ ^k ^ ^k 4k M 4k ■ M 

2002312872 Al 


22-09^2003 








DE 


^ ^k 4k A 4k 4k ^ ■ ^ 

10224361 Al 


«tf 4k ^ ^ 4k 4k 4k 4k 

13-11-2003 








EP 


1483625 Al 


4k 4k ^ 4k 4k sk M. 

08-12-2004 








JP 


#k #\ 4k ft* 4 ^k 4k 4 ^r* 

2005519347 T 


A ^ ^ ^ ^k ^ mm 

30-06-2005 








us 


2005030506 Al 


10-02-2005 








us 


2005141098 Al 


30-06-2005 


UO 2004013674 


A 


12-02-2004 


us 


2004021943 Al 


05-02-2004 






• 


AU 


2003254293 Al 


23-02-2004 








CN 


1564958 A 


12-01-2005 








EP 


1527364 Al 


04-05-2005 








JP 


2005520355 T 


07-07-2005 








WO 


2004013674 Al 


12-02-2004 


• 



Fom) FCT/I5Ay210(palfiflilamByBnneK}(JBnus;y2004) 



